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Abstract
We study type IIA congurations of D4 branes and three kinds of NS
vebranes. The D4 brane world-volume has nite extent in three directions,
giving rise to a two-dimensional low-energy eld theory. The models have
generically (0; 2) supersymmetry. We determine the rules to read o the
spectrum and interactions of the eld theory from the brane box congu-
ration data. We discuss the construction of theories with enhanced (0; 4),
(0; 6) and (0; 8) supersymmetry. Using T-duality along the directions in
which the D4 branes are nite, the conguration can be mapped to D1
branes at C
4
=  singularities, with   an abelian subgroup of SU(4). This
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provides a rederivation of the rules in the brane box model. The enhance-
ment of supersymmetry has a nice geometrical interpretation in the singu-
larity picture in terms of the holonomy group of the four-fold singularity.
June, 1998
1. Introduction
The dynamics of D-branes in certain congurations of intersecting branes encodes
many eld-theoretical facts about supersymmetric theories in several dimensions (for a
review, see [1]). Gauge theories in p + 1 dimensions with sixteen supercharges can be
obtained as the world-volume theories of at innite Dp-branes. In the context of theories
with eight supersymmetries in p dimensions, it was shown in [2] that such theories can be
realized by considering Dp-branes with a world-volume which is nite in one direction, in
which the D brane ends on NS vebranes. For deniteness, let us take such world-volume
spanning 0; 1; 2; : : : ; (p 1), and with nite extent along 6. The brane is suspended between
NS vebranes spanning 012345. The low energy theory in the non-compact dimensions of
the D-brane is p-dimensional. It is still a gauge theory, but the presence of the NS branes
breaks half of the supersymmetries, so eight supercharges remain. This construction has
been generalized in several directions, and has yielded the realization of a large family
of models in several dimensions. This setup has also been exploited to compute dierent
exact quantum results in these theories. For a review of such achievements, see [1].
A nice property of the interplay of eld theories and congurations of branes is that
the intersections of branes can sometimes support chiral zero modes. This opens the
possibility of studying chiral gauge theories using branes. The simplest such example is
provided by the realization of six-dimensional theories with eight supersymmetries, which
are chiral. These can be realized in the setup described above by taking p = 6, i.e. one
considers D6 branes extending along 0123456, and which are bounded in 6 by NS branes
with world-volume along 012345. This construction has been discussed at length in [3],
where it was shown that the congurations yield theories satisfying the very restricting
anomaly cancellation conditions. The family of models obtained reproduces the results of
[4,5], and even contains some further consistent examples.
Chirality if a fragile property, in the sense that toroidal compactications or too
much supersymmetry spoil it. Thus, in order to obtain chiral theories in four dimensions
one has to consider theories with only four supercharges. Their realization in terms of
branes requires new ingredients. A fairly general family of brane congurations realizing
generically chiral gauge theories in four dimensions was introduced in [6]
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. The idea is a
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Let us also mention that the approach of rotated branes [7] has been used to construct some chiral
gauge theories in four dimensions [8]. This construction, however, seems not so exible and easy to
generalize. An interesting apporach, introduced in [9], is related to the constructions of [6] by T-duality.
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clever extension of the philosophy in [2]. It consists in realizing rst a ve-dimensional
theory with eight supercharges, by using D5 branes along 012346, suspended between NS
branes with world-volume along 012345. Then, the D5 brane is bounded in the direction
4, by using a new set of NS branes oriented along 012367 (denoted NS
0
branes). The low
energy theory is four-dimensional, since the world-volume of the D5 brane along 46 is a
nite rectangle. Such congurations are known as brane box models. The presence of
the new kind of branes breaks a further half of the supersymmetries, and so the theory
has only four supercharges. Furthermore, the intersections of NS, NS
0
and D5 branes
introduce chirality in the four dimensional theory. There is no complete understanding of
the quantum eects of these gauge theories in terms of branes, even though some results on
exact niteness and marginality were obtained in [10]. Some understanding on the bending
of the branes in this congurations, recently developed in [11], may help in improving the
situation in this respect.
In this paper we continue this analysis of chirality in eld theories realized by brane
congurations, and construct chiral gauge theories in two dimensions, with two super-
charges, i.e. (0; 2) theories. After the previous discussion, there is a natural approach to
the construction of such theories. We rst realize three-dimensional gauge theories with
four supercharges, by using D4 branes along 01246 and NS, NS
0
branes as before. The con-
guration is T-dual (along 3) to the brane box models constructed above. We then bound
the D4 branes in the direction 2, by means of a new set of NS vebranes, along 014567,
denoted NS
00
branes. This implies the the low energy eld theory will be two-dimensional,





branes that introduces the chirality in the two dimensional theory. The
construction and study (at the classical level) of these theories is the aim of the present
paper.
We start in Section 2 by reviewing some basic features of two-dimensional eld the-
ories. In Section 3 we describe the brane congurations sketched above. The spectrum
and interactions corresponding to a given brane model is determined by studying rst the
realization of (2; 2) theories, and generalizing the result.
In Section 4 we discuss models with enhanced supersymmetry. An interesting feature
of two-dimensional theories is that it is possible to enhance the supersymmetry while
preserving chirality. So it makes sense to ask whether new ingredients are required to
realize e.g. (0; 4) theories using brane constructions. In Section 4 we show a simple way
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of realizing a large class of models with such enhanced chiral supersymmetry in our setup,
without the need of extra ingredients.
In Section 5 we discuss the relation or our approach to that of [15]. Recently it has
become clear that there is an alternative way of realizing chiral theories in several dimen-
sions, as the world-volume theories of D brane probes at singularities. Thus, using D5
branes at ADE singularities (possibly with some orientifold projection) one can realize
six-dimensional theories with eight supercharges [13,14,5]. Some of these constructions
(corresponding to A
k
singularities) have been argued to be T-dual to the brane cong-
urations in [3]. Similarly, by using D3 branes at C
3
=  singularities, with   a discrete
subgroup of SU(3), one can realize chiral four-dimensional theories with four supercharges
[16,17,18,19]. For abelian discrete groups, these constructions are related by T-duality to
the brane box models, as argued in [12]. In Section 5 we apply the same argument to
the our brane models, and discuss their relation with the theories on the world-volume
of D1 branes at C
4
=  singularities, with   a discrete subgroup of SU(4). These latter
theories have been studied in [15], and we review the determination of the spectrum and
interactions in the singularity language. This can be compared with the rules proposed
in Section 3, and provide a rederivation of the result. Also, the agreement supports our
T-duality proposal in this case. Finally, it provides a nice geometrical interpretation for
the enhancement to (0; 4) and (0; 8) supersymmetry introduced in Section 4. The explana-
tion suggests the brane congurations with enhanced supersymmetry have an appropriate
`generalized holonomy group' in the sense of [20].
Finally, Section 6 contains our conclusions. The denition of the gauge theory param-
eters in terms of branes is discussed in an appendix.
We note that brane congurations have been used to obtain several results on non-
chiral theories in two dimensions, in [21] for (2; 2) theories, and in [22] for (4; 4) theories.
Another approach to the study of (2; 2) theories has been taken in [23] in the framework
of geometric engineering.
2. Overview of Field Theory
In this section we will give an overview of the matter content and interactions of the
two-dimensional (2,2) and (0,2) gauge theories. Our aim is not to provide an extensive
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review of such theories, but to briey recall the relevant structure of multiplets and inter-
actions, which we will need in the following sections. For a more complete treatment see
Refs. [24,25].
2.1. N = 1 Theories in Four Dimensions
Let us rst briey review the matter content and interactions of N = 1 gauge theories
in four dimensions. For deniteness let us take the gauge group to be U(N). The theory
is formulated in the superspace consisting of four spacetime coordinates x

, ( = 0; 1; 2; 3)




The multiplets used in the construction of gauge theories are:
i)-. The chiral multiplet, which we will denote by
e
, which contains a complex scalar
and a chiral fermion, in any representation of the gauge group.
ii)-.The gauge multiplet,
e
V , containing (in the Wess-Zumino gauge) gauge bosons and
a Majorana fermion, both in the adjoint representation of the gauge group.




































































V is the gauge eld strength chiral supereld. The rst term
contains the kinetic term and gauge couplings for the chiral multiplets. Here T
a
are the
generators of the gauge group in the appropriate representation. The second term is
the kinetic energy and gauge interactions for the gauge multiplets. The third term is









applications we are to consider, the superpotential will be cubic, and contains the Yukawa
interactions and scalar potential terms. The last term is the Fayet-Iliopoulos term which
arises if there is a U(1) factor in the gauge group. Finally let us mention that N = 1 gauge
theories have a U(1) R-symmetry. This symmetry can be broken to a discrete subgroup
by instanton eects.
2.2. (2,2) Theories in Two Dimensions
We now describe how dimensional reduction of N = 1 in four dimensions yields (2,2)






, and decomposes the representations of the four-dimensional Lorentz group with
respect to the two-dimensional one. The resulting gauge theory in two dimensions is nicely



















The structure of multiplets is very similar to the four-dimensional one, as follows.
i)-. There is a (2,2) chiral multiplet , containing a complex scalar , and two fermions





ii)-. There is also a vector multiplet V , containing gauge bosons, v






and one complex scalar  (this last arising from the components













































contains the kinetic energy and gauge interactions for the vector

















where  is the (2; 2) gauge eld strength supereld and g is the gauge coupling constant.





















  h:c: : (2:5)





























Among the symmetries present in (2,2) theories, the R-symmetries play an impor-
tant role. For these theories there can two U(1) R-symmetries, the right-moving U(1)





















invariant. Similar denition holds for the left-moving
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). Since the fermions are charged under
these symmetries they can be anomalous. The condition that the mixed anomaly of the








is the gauge U(1) charge of the i-th chiral eld 
i
. This ensures the conservation




. This relation also implies the
non-renormalization of the coecient of the Fayet-Iliopoulos term.
2.3. (0,2) Theories in Two Dimensions
We now move on to review the building blocks of (0,2) gauge theories in two dimen-






). There are three
basic kinds of multiplets which we will use.
i)-. The (0; 2) gauge multiplet V
0
, which contains gauge bosons v





ii)-. The (0; 2) chiral multiplet 
0




iii)-. The (0; 2) Fermi multiplet, , is described by an anticommuting supereld. Its
complete  expansion contains a chiral spinor 
 
, an auxiliary eld G, and a holomorphic
function E depending on the chiral (0,2) superelds 
0
i









E = 0. Here D
+
represents the supersymmetric


























denoting the usual supersymmetric derivative.
















































































describes the dynamics of the Fermi multiplets , and certain interac-





















For future convenience, we give the expression of this term in components, as obtained




















































The Fayet-Iliopoulos and theta angle terms are encoded in the (0,2) Lagrangian L
D;























Finally (0,2) models do admit an additional interaction term L
J
which depends on a




) of the chiral superelds. There is one such function







= 0. This interaction is the


























  h:c: : (2:15)



























  h:c: : (2:16)
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and solving for the equations of motion
for the auxiliary elds G, the relevant interaction terms in the Lagrangian (we are not




































The rst term contains the scalar potential, and the second the Yukawa couplings.
Notice that the choice of the functions E and J completely denes the interactions of the
theory.
For (0,2) theories in two dimensions we have just one U(1) R-symmetry group acting





















invariant. Again, Eq. (2.7) provides the
condition to have cancellation of the mixed anomalies.
2.4. Decomposition of (2,2) Superelds In Terms of (0,2) Multiplets
For future convenience it will be useful to decompose the (2; 2) theories in terms of
(0,2) superelds. Looking at the eld content of the multiplets, we conclude that the





( = 0; 1) and the negative chirality spinor 
 









consisting of an scalar  and the positive chirality spinor 
+
in the
adjoint representation of the gauge group.
As for the (2,2) chiral multiplet 
i












(containing the complex scalar and 
i
and the positive chirality spinor  
+;i
)
and a (0,2) Fermi multiplet 
i




in what follows in order to be consistent with our (0; 2) conventions).
















. It can be veried that the
corresponding function E
i












, where a runs




Some of the interactions in the (0; 2) theory are basically specied by the gauge group
and the representations of the chiral and Fermi multiplets. Only the L
J
term and the
interactions coming from L
F




by reduction of the (2; 2) superpotential, and thus involves the chiral and Fermi elds
coming from the (2; 2) chiral elds. The Lagrangian takes the the form (2.15) with a



















from gauge invariance of W .
There are also interactions between the (0; 2) chiral multiplet 
0






. These couplings are gauge interactions from the (2; 2) point of
view, but in the (0; 2) theory appear from the expansion of L
F
. They are obtained by
substituting in Eq.(2.13) the functions E
i
found above.
3. The Brane Congurations





branes, and D4 branes in Type IIA superstring theory. They give rise to two-
dimensional (0; 2) eld theories. These congurations are obtained in the spirit of the
brane box congurations in [6], by considering D-branes which are nite in several direc-
tions. As explained in the introduction, they belong to a natural sequence of brane box
models yielding chiral theories in six, four and two dimensions (taking D branes compact
in one, two and three directions, respectively).
3.1. Description of the Brane Congurations
Let us consider the ingredients of the brane congurations which we will use in this
paper. Brane congurations consist of:
a)-. NS vebranes located along (012345).
b)-. NS' vebranes located along (012367).
c)-. NS" vebranes located along (014567).
d)-. D4 branes located along (01246).
In this conguration the D4 branes are nite in the directions 246. They are bounded
in the direction 2 by the NS
00
branes, in the direction 4 by the NS
0
branes, and in the
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